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AERIAL ?dISSION FOIZ THE STUljY OF THE AUWRA AND OF 
THE SKY AT NIGHT I N  THE R E G I O N  OF HIGH LATITUDES, 

33.s7d Daniel  Barbier,  Maro F a f i o t t e ,  and Gi lbe r t  Weill .  

Summary: An aerial  mission was ca r r i ed  out from 4 t o  11 December i n  t h e  auro-  

r a l  region,  dur ing  a per iod of xagne t i c  calm, 

The a u r o r a l  a r c  i s  emit ted a t  a s l i g h t l y  g r e a t e r  a l t i t u d e  f o r  t h e  radia- 

t i o n  6,300 than  f o r  5D57.1. 

The r e l a t i o n  of t h e  i n t e n s i t i e s  measured a t  t h e  same d i s t a n c e  from t h e  

z e n i t h  for t h e s e  two r a d i a t i o n s  i s  a func t ion  of t h e  d i s t a n c e  of t h e  a rc  from 

t h e  ODserver. The geographic  p o s i t i o n  of t h e  a r c  i s  connected w i t h  t he  magnetic 

a c t i v i t y .  The i n t e n s i t y  of t he  n i g h t l y  luminescence f o r  t he  two r a d i a t i o n s  un- 

der oons idera t ion  has remained weak, and i t s  s tudy w a s  hampered by t h e  aurora ,  

and a t  t h e  lower l a t i t u d e s  by clouds. 

INTRODUCTION 

The emission of t he  red  l i n e  of t h e  sky a t  n igh t ,  f o r  t h e  low and medium 

l a t i t u d e s ,  i s  now s u f f i c i e n t l y  w e l l  known, on the basis of t h e  measurements per- 

formed from t h e  ground by v a r i o u s  teams of observers ,  and on t h e  basis of t h e  

measurements obtained over Afrioa i n  air planes,  on two success ive  occasions.  

Above l a t i t u d e  45' North, we know only t h e  Soviet  measurements t h a t  w e r e  

performed, i n  connection wi th  the Geophysicel year, a t  Zvenigorod ( 

and a t  Lopar skuyu (y s68015'). 

haviour  of 6,30u 

S- 55'45' 1 

A t  t h e  first one of t h e s e  s t a t i o n s ,  t h e  be- 

i s  s t i l l  l a r g e l y  analogous t o  t h e  one observed by the  s t a t i o n s  

of medium l a t i t u d e .  

not very numerous, show a r a t h e r  e r r a t i c  behavior t h a t  i s  due t o  t h e  f luc tua -  

A t  Lopurskaya, t h e  observat ions,  which - i n c i d e n t a l l y  - were 

t i o n s  of t h e  au ro ra  w h i c h  superimpose themselves over t h e  normal emission of t h e  

sky a t  n ight .  
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An aerial mission was organized f o r  the time from 4 t o  11 December, f o r  

t h e  purpose of s tudying i n  the  most homogeneous manner poss ib le ,  t h e  connection 

between t h e  red l i n e s  of 6,300 8 and t h e  green l i n e s  of 5,577 2 of  t h e  sky at  

n igh t ,  i n  t he  proper meauing of t h e  words, and the  i n t e n s i t i e s  of t h e  a u r o r a i  

zone. A prel iminary mission t h a t  had been a a r r i e d  out ,  i n  the same regions,  

from 

p/* 

to 5 

30 October t o  3 November, was already t h e  sub jea t  of an ear l ier  pub l i ca t ion  

The i t i n e r a r y  o f  t he  mission of December w a s  t h e  fol lowing:  n i g h t  from 4 

December: Creil (France) - Helsinki ,  Stookholm. Night S r u m  u t o  'I december: 

Stockholin - Keflavik ( I ce l and) .  

Night from 10 - 11 December: Hels inki  - Crei l .  

Night from 8 t o  9 December: Keflvviic - delsinki. 

The f l i g h t  of t h e  n i g h t  from 4 t o  5 December was not favored inasmuch a s  

t h e  weather was concerned, which made only very few observat ions possible, and 

t h o s e  only w h i l e  t h e  a i r p l a n e  was a t  a l a t i t u d e  of more than  5 7 O .  

f l i g h t s  were c a r r i e d  out under good condi t ions ,  w i t h  t h e  except ion  at' t h e  last  

f l i g h t ,  which d i d  not enable  us t o  make any observa t ions  a t  l a t i t u d e s  below 55'5. 

I n  genera l ,  the  a l t i t u d e  of t h e  plane amounted t o  8,500 meters. 

Tne o the r  

The mission included,  bes ides  t h e  s i g n e r s  of t h i s  paper, t he  crew of t h e  

B-17 a i r p l a n e  of t h e  Nat ional  Geographic I n s t i t u t e  : 

Derne (naviga tor  1, @mensky ( r a d i o ) ,  and I z a r d  (mechanic ) . 
Messrs. Fourn ier  ( p i l o t ) ,  

The photometer used w a s  t h e  r o t a r y  photometer; it explored t h e  sky a t  

15' below the  horizon and had been used dur ing  o the r  a e r i a l  missions. 

equipped with two f i l t e r s  focused on 6,300 2 and w i t h  two f i l t e r s  fooused on 

5,777 8. 
t h e  other one wide i n  such a way t h a t ,  i n  accordance w i t h  a method t h a t  is usual  

i n  our  observat ions,  it was  poss ib le  t o  e l imina te  t h e  continuous spectrum ( e x t r a -  

t e r r e s t r i a l  and atmospheric)  from our  measurenents. 

I t  was 

For each  one of t h e s e  combinations, one of t he  f i l t e r s  was narrow and 
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During t h e  e n t i r e  per iod from 4 t o  11 wcember, t h e  magnetic act ivi ty  re- 

mained weak; K 

December, i.e., two days before t h e  beginning of our  opera t ions ,  H huu reached 

a va lue  of 7-. 

d i d  never exceed tne  v a l u e  of 4$.; i n  t h e  n igh t  f ron ,  2 t o  3 
P 

P 

RESULTS IN REGAEU> TO TllE POLAR AURORA 

A s  we have a l r e a d y  stated, a l l  observa t ions  were  c a r r i e d  out a t  l a t i t u d e s  

of more t h a n  55'5, 

w i t h i n  t h e  r a d i a t i o n  of 6,3W A, t he  au ro ra  w a s  always v i s i b l e  toward t h e  North, 

except  a t  t h e  end of the f l i g h t  of 8 mcember from Kef lav ik  t o  Helsinki, 

i n g  t h i s  f l i g h t ,  t h e  aurora  became dubious a t  0:39 hours  A.M. s tandard  l o c a l  

time, and during t h e  las t  cyc le  obsemed(2 nours, 58 min. f o r  6,300 and 2 hours,  

55 m i n ,  f o r  5.577 I), it was  almost c e r t a i n l y ,  lacking,  

On our recordings,  w i t h i n  a r a d i a t i o n  of 5,577 8 as  w e l l  as 
0 

Dur- 

Most f r equen t ly ,  t h e  aurora  produced one maximum only on t h e  record ;  it 

was  loca t ed  toward t h e  North, i.e., i n  the usua l  terminology, a d i f f u s e  glimmer 

(glow) was present .  

a l l y  appeared, quite of ten ,  t o  t h e  member of o u r  team who took  care of t h e  v i s u a l  

oDservations,  as a t r u e  homogeneous a r c  tnat was  loca t ed  a t  a very much f m e r  a l -  

t i t u d e  above the  horizon than t h e  a l t i t u d e  of t h e  small c i r o l e  scanned by the 

photometer (15'). 

found t h e  presenoe of an  arc located a t  an a l t i t u d e  of 5O, during the la rger  p a r t  

of t h e  f l i g h t ,  and only when t h i s  a r c  r o s e  up  and a t t a i n e d  a n  a l t i t u d e  c l o s e  t o  

15'. it appeared finaLly on the recording i n  t he  form af a double maximum, f i r s t  

i n  t h e  r a d i a t i o n  6,300, and t h e n  i n  t h e  r a d i a t i o n  5,577 (Fig. 1) .  This separate 

appearance of t h e  red a r c  and of t h e  green  arc i n  t h e  record ing  shows t h a t  t he  

r ed  one i s  loca ted  a t  a n  a l t i tude  t h a t  i s  s l i g h t l y  h igher  t h a n  t h e  a l t i t u d e  of t h e  

g reen  arc. 

mission, s i n c e  e i t h e r  t h e  a i rp l ane  had been i n  t h e  neighborhood of t h e  a r c  so 

t h a t  i t s  components - t h e  red one and t h e  g reen  one - were pro jec ted ,  t o  t h e  

I n  r e a l i t y ,  t h i s  au ro ra  which w a s  recorded as a glow, visu-  

On the f l i g h t  o f  6 December, i n  p a r t i c u l a r ,  t h e  v i s u a l  observer  

Th i s  e f f e c t  had no t  been observed dur ing  t h e  f l i g h t s  of t h e  previous 
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observers ,  one above the o ther ,  o r  t he  a i r p l a n e  moved more or  l e s s  v e r t i o a l l y  

t o  t h e  d i r e c t i o n  of t h e  a r c  so  t h a t  the  r o t a t i o n  of t h e  photometer w a s  t o o  

slow ( 6  minutes f o r  t h e  recording of one r a d i a t i o n  around the hor izon)  and 

the  e f f e c t  passed unnoticed. On t h e  o t h e r  hand, t h e  f l i g h t  of 6 t o  7 December, 

t h e  r o u t e  of which formed a small angle  wi th  the  d i r e c t i o n  of t h e  arc, made it 

Q '  
( O w -  

4000- 

woo- 

poss ib l e  t o  show d e a r l y  t h i s  d i f fe rence  of t h e  a l t i t u d e s  of t h e  components 

r\ 
I t  ,'.-., 

1 1  
I t  
I I  
I 1  

: 
: :  
I I  I*\ 

#! 't 

; ', 

600 

Fig .  2. The arc 6 3i )O a t t a i n s  55' a t  A, and t h e  a r c  5,577 t h e n  
It fol lows therefrom t h a t  t h e  a r c  of  6 culminates  a t  10 only. 

6,300 2 i s  being emitted a t  a n  a l t i t u d e  t h a t  exceeds by some 
40 k m t h e  emission a l t i t u d e  of t h e  aro 5,577. 
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The schematic drawing of F ig ,  2 shows t h e  de t a i l s  of t h e  i n t e r p r e t a t i o n  of 

t h i s  Phenomenon. It i s  assumed that t h e  a r c  of t h e  aurora  i s  exc i t ed  by par-  

t i c l e s  that  f i n d  tnemselves comprised between two  sur faces ,  and s2, 
t h a t  correspond t o  two v a l u e s  near t h e  parameter of McIlwaints l a y e r  L. The 

emission w i t h i n  t h e  a r c ,  per u n i t  of e leva t ion ,  f o r  5,577 and 6,300 has been 

shown as a f u n c t i o n  of t h e  a l t i t u d e ,  on t h e  l e f t  part of t h e  f i g u r e ;  t h e  cor-  

responding curves have n o t  been a c t u a l l y  observed, 5 u t  t h e y  a g r e e  w i t h  a pos- 

s i b i  l i t y  that t a k e s  i n t o  account t he  very cons iderable  de-energis ing t h a t  t a k e s  

p l a c e  a t  t n e  low a l t i t u d e s  of t h e  l e v e l  lD of t h e  oxygen atom, 

p lane  i s  a t  A, t h e  a r c  i s  i n  the f i e l d  of  t h e  photometer, i.e., a t  a he igh t  d 

15', w i t h i n  t he  r a d i a t i o n  of 6,300 8, but t h e  observer  who opera tes  v i s u a l l y ,  

i.e., e s s e n t i a l l y  w i t h i n  t h e  r a d i a t i o n  5,577, e s t i m a t e s  i t s  he ight  a t  loo, 

t h e  a i r p l a n e  i s  a t  B, t hen  t h e  a r c  i n  t h e  r a d i a t i o n  5,577 w i l l  beome d i s t i n c t  on 

t h e  photmetr io  recording,  and the  v i s u a l  observer w i l l  a l s o  no te  t h t  its a l t i -  

t u d e  amounts t o  15'. Figure  I shows t h a t  the a l t i t u d e  of t h e  r ed  a r c  i s  s t i l l  

40 km higher ,  when we es t ima te  t h e  a l t i t u d e  of t h e  green  l i n e  t o  be 100 km above 

t h e  a i rp l ane .  This f i g u r e  i s  c e r t a i n l y  not  exact, s ince  it i s  t h e  r e s u l t  of 

rough estimates of the angu la r  he igh t s  of  the g r c e n  arc. 

loca t ed  a t  C, near t h e  a r c ,  t h e n  the  r e d  and green a r c s  w i l l  be  pro jec ted  prac- 

t i c a l l y  one a t o p  t h e  other .  

1 

When t h e  a i r -  

When 

llshen t h e  a i r p l a n e  i s  

I n  accordance w i t h  t h e  preceding remarks, t h e  r ed  arc and t h e  green  a r c  a r e ,  

t h e r e f o r e ,  two d i f f e r e n t  a s p e c t s  of j u s t  one phenomenon, even though t h e y  may be 

loca ted  a t  s l i g h t l y  d i f f e r e n t  a l t i t u d e s .  

I n  t h e  preceding Note, it has been demonstrated that t h e  r a t i o  of t h e  in t en -  

s i t i e s  of t h e  green and r e d  l i n e s  Q(5577) /Q(&OO) ,  which i s  of t h e  o rde r  of 10 

when a homogeneous a u r o r a l  a r c  i s  observed from very c l o s e  by, w i l l  decrease  t o  

values 02 t h e  order  of 3 a t  a t ime, when it i s  s t i l l  being observed fa r ther  away 

from t h e  a r o ,  a t  15' above t h e  horizon. !The p e r t i n e n t  F ig .  3 had been prepared 



6 

wi th  t h e  a i d  of roughly est imated d i s t ances  from t h e  arc. Fig .  b of t h i s  

paper has been p lo t t ed  on the  b a s i s  of t h e  d i s t a n c e s  t h a t  a re  t h e  r e s u l t  of 

t h e  v i s u a l  e s t ima tes  of t h e  he igh t  of t h e  a rc  above t h e  horizon,  It i s ,  cer- 

t a i n l y ,  even less exact  but it seems t o  u s  t h a t  it opens up a n  i n t e r e s t i n g  

p o s s i b i l i t y  that would enable  us ,  on t h e  basis of photometr ic  observa t ions  t h a t  

would be made a t  a f ixed  d i s t a n c e  from t h e  zeni th ,  and t h a t  would, t h e r e f o r e ,  

be reasonably p rec i se ,  t o  determine t n e  p o s i t i o n  of a homogeneous i s o l a t e d  

a u r o r a l  arc. The p r o p e r t i e s  of t h e  au ro ra  dur ing  t h e  per iods  of magnetic i n -  

a c t i v i t y  are p r a c t i c a l l y  unknown, and the  s tudy  or' i t s  movement above t h e  t e r -  

r e s t r i a l  g looe  could be advanced on t h e  basis of t h o s e  observat ions.  

io. 45. 48 7:s 5. 0' 
1 1  I I  I 1 . 

Fig. 3 .  Ratio of t h e  i n t e n s i t i e s  of the l i n e s  of 6,300 w and of 
5,577 51, as a f u n c t i o n  of t h e  d i s t a n c e  of t h e  observer from 

t h e  arc, 

I n  o rde r  t o  pursue here ,  as much as poss ib le ,  the  i n v e s t i g a t i o n  of these 

p o s s i b i l i t i e s ,  w e  have prepared (Fig. 4 )  maps of t h e  p o s i t i o n s  of  the auroral .  

arc ?or  t h e  three f l i g h t s  of 6 t o  7, 8 t o  9, and 10 t o  11 December, The pos i -  

t i o n s  which a r e  t h e  r e s u l t  of photometric observat ions,  i n  t h e  r a d i a t i o n  5,777 

of t h e  arc  (two maxima on t h e  record ings)  have been r ep resen ted  by r a t h e r  long  

segments 01' s t r a i g h t  l i n e s ,  and t h e  p o s i t i o n s  t h a t  a re  t h e  result of t h e  measure- 

ment of t h e  r a t i o  Q(5777)/Q(6300) have been ind ica t ed  i n  t h e  d i r e c t i o n  o f  t h e  

maximum i n t e n s i t y ,  a t  the d i s t a n c e  i n f e r r e d  from t h e  Fig.  3 ,  i n  t h e  form of 

s h o r t e r  segments. Besides eacn observation, we have entered t h e  hour (TU)  a t  

which it was made. I n  a d d i t i o n ,  we have p lo t t ed  on t h e  maps t h e  curves having 
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t h e  same values of L ( f o r  an  a l t i t ude  of lu0 km) and which were ca l cu la t ed  f o r  

u s  

F ig .  4. Pos i t ions  of t h e  auroral a r c s  as  observed. 

The va lue  of L i s  c o r r e l a t e d  t o  t h e  value o f  K . W e  s h a l l  have the  follow- 
P 

i ng  f o r  t h e  nights of our  observat ions i n  December, t o  which we have added t h e  

night of 30 October (1) z 

The i n t e n s i t y  of t he  au ro ra  appears  t o  be i n  a muoh less  c l o s e  c o r r e l a t i o n  

wi th  Kp. 

n i g h t s  under cons idera t ion ,  t h a t  has presented t h e  by far most b r i l l i a n t  aurora .  

A s  a matitter of fact ,  t h e  n ight  of 30 October is t h e  one at' t h e  four  
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RESULTS I N  REGARD TO THE LUUINESCENCE AT NIGHT 

The clouds have made it impossible for us t o  ob ta in  measurements f o r  the 

geographic  l a t i t u d e s  of t h e  a i r p l a n e  t h a t  w e r e  below 55'5, and t h i s  kept u s  

from l ink ing  up i n  a s a t i s f a c t o r y  manner, t h i s  ser ies  of observa t ions  w i t h  tne 

observa t ions  made on t h e  ground at t h e  Observatory of Haute-frovence. 

As we have s t a t e d ,  a lmost  all t n e  observa t ions  show the aurora.  It was only 

a t  the  end of t h e  f l i g h t  of 8 t o  9 December, t h a t  t h e  aurora  was, almost  cer- 

t a i n l y ,  absen t  and, i n  any case,  very  weak. Fig. 5 shows t h e  hor izon  measure- 

ments as  observed w i t h i n  t h e  r a d i a t i o n s  of 5,577 and 6,300 8, when t h e  l a t i t u d e  

of t h e  a i r p l a n e  w a s  60' and i t s  longi tude was 21'E. 

q u i t e  e a s i l y  have been observed a t  t h e  Observatory of Haute-Provence. 

These curves coula  a l s o  

The only means t o  o b t a i n  information on the luminescence a t  n igh t ,  i n  t h e  

rea l  meaning of the  word, i s  t h e  u t i l i z a t i o n  of t h e  measurements t aken  i n  t h e  

sky i n  t h e  d i r e c t i o n  t h a t  i s  cont ra ry  t o  t h a t  of the aurora,  i.e., toward the  

Soutn. And we shall s t i l l  have t o  no te  t h a t ,  during t h e  f l i g h t  of 6 t o  7 Decem- 

ber when t h e  a u r o r a l  a r c  a t t a i n e d  a he igh t  of t h e  order  o f  15O above t h e  horizon, 

t h e  i n t e n s i t y  toward t h e  South increased ,  f o r  t h e  fwo  r a d i a t i o n s  under observat ion,  

by a ve ry  cons iderable  amount; t h i s  w i l l  have t o  be a t t r i b u t e d  e i t h e r  t o  t h e  ex- 

t e n s i o n  of t h e  a u r o r a l  a r c  over t h e  e n t i r e  sky, o r  poss ib ly  t o  t h e  d i f f u s i o n  of 

t h e  l i g h t  of t h e  a r c  w i t h i n  the  l o w e r  atmosphere. 

During t h e  f l i g h t  of 8 t o  9 December, a t  the depa r tu re  from Kefltrvik a t  

1S:US and 18:Y5 hours  l o c a l  t i m e ,  t h e  i n t e n s i t y  of t h e  r a d i a t i o n  of 6,300 8 

toward t h e  South, was c l e a r l y  l a r g e r  than f o r  a l l  the o t h e r  measurements; it a t -  

t a i n e d  100 myle ighs ,  It i s  probable tha t  i n  t h i s  Gase we had t o  clo with t h e  

Western 'sheet* (nappe) due t o  t h e  d i s o o c i a t i v e  recombination of 0). 2 

A l l  t h e  o the r  measurements t aken  toward the South f o r  6,SOO 2 were below 

50  m y l e i g h s ,  and they w e r e  between 200 and 6UO Rayleighs f o r  t h e  green l i n e .  
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Fig. 5. Intensity of  the l i n e s  5,577,and 6,300 around the horibon, 
a t  a distance from the zenity of 75 , i n  the absence of the aurora. 
Night from 8 to  9 December, near Helsinki. 


